rithm. Noncontrast images of the abdomen were acquired from cranial to the diaphragm caudally to the level of the coxofemoral joints.
Iohexol (Omnipaque 350, GE Healthcare, Princeton, New Jersey) then was administered IV at 600 mgI/kg using a power injector at a rate of 5 mL/s. Postcontrast CT images of the entire abdomen then were acquired 3-4 minutes after contrast injection using the same scan protocol as used in the noncontrast study.
All images were transferred to a dedicated workstation and viewed using post-processing viewing software (Osirix v.5.7, Pixmeo, Geneva, Switzerland). Studies were anonymized, randomized, and reviewed in a soft tissue window with the ability to adjust window level and width as desired. The number, size, shape, attenuation, enhancement pattern, and presence of intranodal fat of the following lymph node centers were evaluated: aortic lumbar, renal, hepatic, splenic, gastric, pancreaticoduodenal, jejunal, ileocecal, colic, caudal mesenteric, medial iliac, sacral, and inguinal lymph nodes. Identification of each lymph node center was based on prior anatomic description. 8, 9 A single author (M. Perlini) recorded the number and size (length and width) of lymph nodes in each lymph center, with measurements subsequently confirmed by a board-certified veterinary radiologist (S. Secrest). Size was measured using electronic calipers with 3 measurements taken for each dimension and then averaged to account for any discrepancies in caliber placement. Lymph node length was defined as the largest dimension with width defined as the second largest dimension, being perpendicular to the length. Length and width measurements were obtained on transverse, sagittal, or dorsal reconstructions depending on the orientation of the lymph node.
Lymph node shape, attenuation, enhancement pattern, and presence of intranodal fat were assessed by 1 of the authors (M. Perlini) and confirmed by a board-certified veterinary radiologist (S. Secrest).
The shape of each lymph node was classified into 1 of 3 categories: (1) elongated, (2) round, or (3) other. An elongated shape was defined as having a short axis/long axis ratio of <0.5, with round lymph nodes having a short axis/long axis ratio >0.5. Bilobed lymph nodes or those with shapes other than elongated or round were categorized as other.
When visible on 3 consecutive slices, lymph node attenuation was measured in Hounsfield units (HU) on both noncontrast and postcontrast images by placing a circular region of interest (ROI) over the largest cross-sectional area on transverse images. The ROI was placed in the same location on both the noncontrast and postcontrast images, excluding the hilus and intranodal fat, if present. Lymph node enhancement pattern was assessed on postcontrast images and classified as (1) homogeneous, (2) heterogeneous, or (3) peripheral (centrally more hypoattenuating). The presence of intranodal fat was defined as a focal fat attenuation within the lymph node.
| Statistical analysis
All statistical analyses were performed using commercially available software (SAS V 9.4 Cary, North Carolina). A significance threshold of 0.05 was used. Each set of P-values from all centers from each pair of a demographic variable and a lymph node variable were adjusted for multiple comparisons using the Holm-Bonferroni method. Pearson's correlations were used to test for correlations between total cat lymph node counts and lymph node counts by center with age and body weight.
Student t-tests were used to test for differences between total cat lymph node counts and lymph node counts by center between male neutered and female spayed cats. The folded form F statistic was used to test if variances were equal between male neutered and female spayed cats. If unequal, Satterwaithe's approximation for degrees of freedom for the student's t-test was used.
A linear mixed-effects model was used to test for differences in length, width, and preattenuation and postattenuation associated with age, body weight, or sex for each center separately and pooled. The full linear mixed-effects model included a fixed factor of sex or a covariate of age or body weight and a random factor of cat. A generalized estimating equation (GEE) approach was used to examine differences in shape, enhancement, or intranodal fat associated with age, body weight, or sex for each center separately and pooled. The full model included a fixed factor of sex or a covariate of age or body weight and a random factor of cat. A binomial distribution with a logit link function was used for shape and intranodal fat and a multinomial distribution with a cumulative logit link function was used for enhancement. An exchangeable correlation structure was assumed for shape and an independent correlation structure was assumed for enhancement. Intranodal fat was summarized by cat as percentage of nodes with intranodal fat and analyzed by Pearson's correlations to test for correlation to age or student's t-tests to test for differences between male neutered and female spayed cats. The folded form F statistic was used to test if variances were equal between male neutered and female spayed cats. If unequal, Satterwaithe's approximation for degrees of freedom for the student's t-test was used.
| RE S U L TS
Sixteen cats were enrolled in the study, including 12 domestic shorthair, 2 Himalayans, 1 domestic medium hair, and 1 domestic longhair.
Cats ranged in age from 1 to 15 years old, with a median of 9 years. There were 9 male neutered and 7 female spayed cats. Cats weighted between 2.8 and 6.4 kg, with a median of 4.5 kg. with older cats having fewer. A negative association also was identified between age and lymph node length (P-value 5 .0166) and width 
| D ISC USSION
The use of CT to image the abdomen in cats is becoming more com- truly were not identified in our study or if they were simply absent.
The cat in which a medial iliac lymph node was not identified had a metallic pelvic implant, which precluded definitive identification. A negative correlation was identified between the number of sacral lymph nodes and age, but it is unclear why older cats would have fewer sacral lymph nodes and why other lymph centers would not have a similar correlation. This difference may be because of the relatively small size of the sacral lymph nodes preventing identification or our study could have been underpowered to detect this finding in other lymph centers.
The size and shape of abdominal lymph nodes in these cats varied among lymph centers. Mean lymph node length ranged from 0.4-1.7 cm and width from 0.2-0.5 cm with the jejunal lymph nodes being the largest overall, similar to prior ultrasonographic and anatomic reports. 6,10,11 A negative correlation was found between age and lymph node length and width with younger cats having larger abdominal lymph nodes. This finding is consistent with those of previous studies evaluating normal medial retropharyngeal lymph node size in both dogs 12 and cats 13 as well as abdominal lymph nodes in dogs. 14, 15 This finding is clinically important, indicating patient age should be considered when evaluating feline patients for abdominal lymphadenomegaly. Depending on the specific lymph center, some lymph nodes were more likely to be round versus elongated. The majority of the aortic lumbar (64%), renal (55%), gastric (58%), jejunal (72%), medial iliac (100%), sacral (74%), and inguinal (67%) lymph nodes had an elongated shape, whereas the hepatic (58%), splenic (73%), iliocecal (72%), colic (65%), caudal mesenteric (56%), and pancreaticoduodenal (73%) lymph nodes tended to be rounded. These findings are similar to anatomic reports of cats as well as a previous CT study of dogs. 11, 16 Knowing the expected shape of lymph nodes in each lymph center is important for differentiation of disease. A rounded appearance of lymph nodes in dogs previously has been reported to be indicative of malignancy, [17] [18] [19] and thus this finding should be used with caution depending on the individual feline lymph center assessed.
The attenuation of abdominal lymph nodes in healthy cats has previously not been reported. In our study, mean precontrast and postcontrast attenuation ranged from 27 to 36 HU and 106 to 157 HU, respectively, similar to the CT attenuation of normal canine lymph nodes 16 and feline medial retropharyngeal lymph nodes. 20 Postcontrast attenuation of any structure however will vary depending on the time enhancement also had intranodal fat, which may play a role in explaining this appearance. Other potential causes for lack of homogenous contrast enhancement include abscessation, necrosis, cystic change, areas of hemorrhage, mineralization, or circulatory disturbances as well as neoplasia. 18, 19, 21, 22 On ultrasonography, heterogeneity of abdominal lymph nodes in cats has been shown not to be associated with malignancy. 23 Histopathology was not performed in our study, and it is unknown if nonhomogenous contrast enhancement can be normal in feline abdominal lymph nodes or if it represents occult disease.
Intranodal fat was visible in just 3% of all abdominal lymph nodes identified. Lymph node-associated fat of the canine sternal 24 and feline medial retropharyngeal 13 lymph nodes previously has been described and assessed for differentiation of inflammatory versus neoplastic conditions. 20 In people, the presence of intranodal fat in pulmonary hilar lymph nodes has been reported as a benign change. 25 Small amounts of fat may have been present in additional lymph nodes in our study, but may not have been identified because of volume averaging from slice thickness. The clinical relevance of intranodal fat is unclear, but it should be recognized and not always assumed to represent pathology.
Limitations of our study included relatively small sample size and lack of histopathology. The small sample size may have prevented identification of associations between CT features and patient variables. All cats in our study were client-owned and free of clinically apparent disease and consequently histopathology was not performed. Histopathology would have allowed confirmation that all lymph nodes were truly normal and would have allowed histologic correlation with the few lymph nodes that had non-homogenous contrast enhancement. Cytology of the lymph nodes by fine needle aspiration also was not performed because of the concern for obtaining samples that do not reflect true disease status depending on the location from which the sample was obtained.
In conclusion, our study provides objective data on the CT characteristics of abdominal lymph nodes in 16 healthy cats. Computed tomography readily facilitated identification of all abdominal lymph centers.
Abdominal lymph nodes in cats in our study varied in size and shape on CT, depending of the lymph center evaluated, with younger cats having larger abdominal lymph nodes and more sacral lymph nodes. Otherwise, most abdominal lymph nodes should be soft tissue-attenuating with homogenous contrast enhancement and only occasionally have intranodal fat. This information should be considered when trying to identify diseased lymph nodes and for cancer staging purposes.
